INTRODUCTION
Health information technology is widely regarded as having the potential to increase the quality and efficiency of health care delivery. 1 One example of this technology is a personal health record (PHR). More than 70 million individuals in the United States have access to a PHR tethered to an electronic health record (EHR). 2 However, despite federal programs encouraging online access to medical records, the effect of PHR access on health outcomes and utilization of health care services (eg, outpatient and emergency department (ED) visits and telephone calls) remains unknown. Some studies suggest that use of a PHR can increase efficiency and even substitute for some in-person health care visits. [3] [4] [5] [6] [7] However, a more recent report by Palen et al. 8 found increased use of clinical services among adults who had access to an online PHR, in a single region of Kaiser Permanente. Even less is known about PHR use by caregivers and clinical services utilization among pediatric patients. Virtual visits can substitute for well-child care visits in person, and web-based tools can enhance anticipatory guidance and possibly reduce parents' need for clinical contact between well-child visits. 9, 10 Parents who used a PHR were more likely to adhere to recommended well-child care visits. 11 Although parents perceived PHRs as beneficial, when it was available to families of children with chronic conditions, only 28% (530/1900) registered for access; of these, 16% (79/498) used it for more than 3 months after registration. 12, 13 Although these studies reflect low PHR use in pediatric settings, Stage 2 of Meaningful Use criteria may promote the use of PHRs and therefore increase the rate of growth in technology use across all specialties.
14 Changes in the utilization of clinical services associated with PHR use is thus an important topic regarding health care delivery for children and adults alike. 2 The objective of this study was to examine associations between PHR use by caregivers and clinical service use among pediatric patients of 2 Kaiser Permanente regions.
METHODS
We conducted a retrospective observational cohort study using data extracted from Kaiser Permanente's EHR system. The study population consisted of 2286 pediatric members of the Kaiser Permanente Hawaii (KPHI) and Kaiser Permanente Northwest (KPNW) regions. Kaiser Permanente is the largest not-for-profit integrated health care delivery system in the United States, serving 9.3 million members in 7 geographic regions. The ethnically and racially diverse population of KPHI comprised 33% Asian members, 26% Native Hawaiian or other Pacific Islander members, 22% White members, and 1% African American members. Approximately 68% of KPNW members were White, 5% were Asian, 3% were African American, and less than 1% were Native Hawaiian or other Pacific Islander.
Children were eligible for inclusion if they were Kaiser Permanente members at any point between January 1, 2007 and July 31, 2011; were born at a Kaiser facility on or after January 1, 2007; and enrolled before 31 days of age. To ensure comprehensive capture of utilization Children were considered PHR-registered if at least 1 caregiver activated access to the child's PHR account when the child was 6 to18 months of age and considered nonregistered if the child was not registered for a PHR account between January 1, 2007 and July 31, 2011. Among PHR-registered users, we also evaluated levels of PHR use by caregivers in quartiles that were measured by the following annualized numbers of all PHR services utilized between 18 months of age and the end of follow-up: 0 to 2, more than 2 to 5, more than 5 to 10, and more than 10. PHR use was defined as the total number of features accessed on behalf of the child by the child's caregiver. We decided a priori to count the use of each PHR service once per day, except for secure message threads, laboratory tests, and prescription medication refills, since we were unable to determine whether multiple uses of a service on the same day were for different reasons. Similar to earlier studies, we counted each secure message thread once, with the message thread defined as the initial secure message along with all responses either by a proxy or the health care provider. 3, 15, 16 Only proxy-initiated use was counted. To account for slight variations in the length of time each child was followed, annualized PHR use was calculated by multiplying the average number of features used per day by 365.
Main outcome measures
We calculated the average number of outpatient clinic visits, telephone encounters, and ED visits of children from the time they were 18 months of age until they reached 2.5 years or until they became disenrolled as members or the end of the observation period on November 30, 2011, comparing rates between PHR-registered and nonregistered children. We excluded inpatient use because more than 90% of hospitalizations were for the child's birth. We also examined differences in outpatient clinic visit and telephone encounter use with primary care providers (PCPs) and non-PCPs. PCPs were providers whose areas of practice were identified as family practice, pediatrics, nursing, or unknown; all other providers were considered nonprimary care providers.
Covariates
We collected the following data from the EHR for children included in the analysis: number of chronic conditions, the child's sex, length of eligibility for inclusion, and payment source (Medicaid, commercial insurance, or private pay). We collected the following data from the EHR for caregivers of children included in the analysis: age, sex, race, preferred language, length in years of Kaiser Permanente membership, 'Number of' refers to no shows, PCP visits, and annual preventive care visits. Caregiver education was a proxy measure because it was derived from U.S. Census data by linking the child's home address with census block-level education data. We adjusted for health care utilization for the child between birth and 6 months of age (before PHR registration) to account for caregiver utilization preferences.
Statistical analysis
We examined differences in covariates and utilization between PHRregistered and nonregistered children using t tests for continuous variables and chi-square tests for categorical variables. To diminish the potential for confounding, a Greedy-5 propensity score matching algorithm was used to match PHR-registered children to nonregistered children. 17 The matching model used registration as the outcome variable and all listed child and caregiver covariates as independent variables. Each PHR-registered child was matched to the nearest available nonregistered neighbor without replacement. If a child was affiliated with multiple caregivers, we performed matching for all caregivers and included the caregiver who contributed a propensity score most closely matching a nonregistered child.
We evaluated the association between PHR use and clinical services utilization with negative binomial regression adjusted for utilization between birth and 6 months of age, the child's sex, the caregiver's sex, and propensity score. The negative binomial model provided a better fit to the data than did the Poisson distribution. We assessed differences in clinical services utilization across quartiles of PHR use with analysis of variance (ANOVA). Finally, to assess the association between level of PHR use and clinical services utilization, we used negative binomial regression adjusted for utilization between birth and 6 months of age, the child's number of chronic conditions, the child's sex, and payment source. Adjustments were also made for the caregiver's age, sex, race, educational level, preferred language, length of membership, the number of no-shows, annual preventive care visits, and PCP visits. We used Bonferroni's correction for multiple comparisons, considering P < .0083 (0.05/6) as statistically significant. We performed all analyses with SAS 9.1 (SAS Institute, Cary, NC).
RESULTS
A total of 1143 children were registered for the PHR between six and 18 months of age and eligible for the study. We matched these PHRregistered children to 1143 nonregistered children. The minimum length of follow-up was 6 months (from 18 months to 2 years of age), but more than 75% (1804/2286) of children were followed for 12 months, until they reached two and a half years of age. The average duration of study inclusion after the age of 18 months was 346.2 days and the mean age at the end of follow-up was 2.45 years (standard deviation 43.9 days).
Differences in clinical service use
After propensity score matching, compared with nonregistered children, PHR-registered children were more likely to be female and have female caregivers (table 1). They also had a higher mean number of ambulatory care visits (5.2 vs 4.1; P < .0001) and telephone encounters (3.5 vs 2.6; P < .0001). The difference in the number of ED visits was not statistically significant. When examining encounters with PCPs, PHR-registered children had more telephone encounters (2.3 vs 1.8; P < .0001) and outpatient clinic visits (4.1 vs 3.6; P < .0001) than children who were not registered. PHR-registered children also had more outpatient clinic visits and telephone encounters with nonPCPs (1.1 vs 0.5 and 1.2 vs 0.8, respectively; P < .0001 for both). Regression modeling adjusted for propensity score, utilization between birth and 6 months of age, the child's sex, and the caregiver's sex largely confirmed these findings. PHR-registered children had 21% (95% CI, 14-28; P < .0001) more outpatient clinic visits (adjusted average 5.26 vs 4.34) and 26% (95% CI, 16-37; P < .0001) more telephone encounters (adjusted average 3.31 vs 2.63) than nonregistered children (table 2) . There was no significant difference in the number of ED visits. Differences in utilization were more pronounced by provider type. PHR-registered children had 12% (95% CI, 6-17; P < .0001) more outpatient clinic visits (adjusted average 4.21 vs 3.77) and 21% (95% CI, 10-33; P ¼ .0001) more telephone encounters (adjusted average 2.14 vs 1.77) with PCPs than nonregistered children; the corresponding differences in utilization with non-PCPs were 81% (95% CI, 49-121; P < .0001) for outpatient clinic visits (adjusted average 0.95 vs 0.52) and 36% (95% CI, 17-57; P < .0001) for telephone encounters (adjusted average 1.0 vs 0.73).
Levels of PHR and clinical service use
The child's sex, the caregiver's sex, and PCP utilization were significantly related to the level of PHR use (table 3). The proportion of females among PHR-registered children was substantially lower in the highest-use quartile than in the 3 lower quartiles. Conversely, the proportion of female caregivers among PHR-registered children in the highest-use quartile was substantially higher than in the 3 lower quartiles. The average number of caregiver PCP visits was significantly higher among children in the highest PHR-use quartile. The average number of outpatient clinic visits and telephone encounters were similar in the 2 lowest-use quartiles and greater in the 2 highest-use quartiles. ED visits differed only minimally across quartiles.
The adjusted negative binomial regression confirmed the association between level of PHR use and clinical services utilization (table 4). In the quartile with the highest PHR use, utilization of clinical services differed from that of other quartiles to a statistically significant degree (P < .0001). In a subset analysis, utilization of the bottom 2 PHR-use quartiles did not statistically differ from that of nonregistered children (Supplementary Data).
DISCUSSION
PHR use for children by their caregivers was associated with 21% more outpatient clinic visits and 26% more telephone encounters than for children without proxy PHR use. Increases occurred primarily with non-PCPs and among children in the top quartile of PHR use. ED visits were unchanged.
Possible explanations for our findings include some suggestions from an earlier study of PHR use and clinical services utilization among adults. 8 PHR use may lead to the identification of additional health concerns that lead, in turn, to increased use of outpatient clinic visits and telephone encounters. PHR use may have functioned as an additional form of access rather than a substitute for an in-person or telephone contact. For example, caregivers who tended to access more clinical services for children might have done so without regarding whether that access occurred in person, over the phone, or through the PHR. In addition, PHRs may increase patient activation, potentially leading to additional contact for concerns that might otherwise go unaddressed. 18 A limited number of prior studies investigating changes in health care utilization associated with PHR use report conflicting results. 3, 7, 8, [19] [20] [21] [22] [23] [24] Several randomized controlled trials and case-control studies, including previous reports from Kaiser Permanente, assessed the first 12 to 24 months of PHR use. 3, 7, 19, [21] [22] [23] In contrast, our findings and those of Palen et al 8 rely on data obtained after an additional 3 or 4 years of PHR availability. Recent evidence suggests that utilization effects vary between early and late adopters of PHRs. 20 A second potential explanation relates to whether physicians differentially encourage PHR use with their patients. A study we conducted in 2007, in which PHR use was associated with lower health care utilization, controlled for the patient's PCP. 3 We did not control for providers in this study, although we included both PCPs and non-PCPs.
A strength of our study is that we examined the relationship between level of PHR use and clinical services utilization; to the best of our knowledge, ours is the first report to do so. In addition, examining a large pediatric population adds a new perspective to evidence arising from similar studies among adults. The use of propensity score matching controlled for confounding from observed characteristics, and regression modeling adjusted for baseline utilization, along with several other factors. We included children from 2 Kaiser Permanente regions with distinctly different racial/ethnic compositions. Limitations include the fact that we did not measure caregiver use of their own PHRs; pre-existing patterns of use among caregivers may have contributed to our findings. We also note that the nature of the relationship between PHR use and clinical services utilization is unknown. For example, children who have more clinical encounters are more likely to have more laboratory tests performed and their caregivers may use the PHR more often. We did not control for the type of PHR functionality used by caregivers. We did not investigate factors such as increased patient activation arising from PHR use that could lead to increased use of outpatient clinical services. Without this information, it is difficult to interpret the utilization patterns we observed. In addition, although we used all data available in our observational design, our sample size may not have been large enough to detect differences in ED utilization between PHR-registered and nonregistered children. Finally, because our study took place in an integrated care delivery system with a comprehensive EHR and tethered PHR system, the generalizability of our results to other pediatric care settings is unknown.
CONCLUSIONS
We found that increased clinical services utilization was more pronounced with non-PCPs and among children whose caregivers used the PHR on their behalf the most. This suggests that occasional PHR use is not associated with higher health care utilization; additional research is required to confirm this finding. Finally, this constellation of findings may suggest that PHR use and clinical services utilization are both associated with an increased disease burden. Although the number of children's chronic diseases was consistent across use quartiles, we did not assess disease severity. Future efforts to understand what appears to be a complex relationship between PHR use and clinical services utilization among pediatric patients should assure sufficient statistical power to detect differences in all types of utilization, assess the effect of disease severity, the type of PHR functions used, and other factors that may be related to the use of PHRs and specialty care. 
